INTRODUCTION
Hypoxic-Ischaemic Encephalopathy (HIE) in a full-term infant is a clinically defined syndrome of the disturbed neurologic function in the earliest days after birth in infancy, manifested by difficulty with initiating and maintaining respiration, the depression of the muscle tone and reflexes, the subnormal level of consciousness and often seizures. 1 HIE is the term used to describe the resultant condition due to a deficit in the oxygen supply to the brain.
The neonatal brain can have a lack of oxygen through two major pathogenetic mechanisms, hypoxemia, which is a diminished amount of oxygen in the blood supply, and ischemia, which is a diminished amount of blood perfusing the brain. During the perinatal period hypoxemia or ischemia or both occur as a result of asphyxia, an impairment in the exchange of respiratory gases, oxygen and carbon dioxide. The duration and severity of HIE depend of the severity of asphyxia. Neonatal asphyxial encephalopathy occurs in 1-2 per 1000 births in the high income countries, [2] [3] [4] in lowincome countries, the incidence is much higher.
Despite major advances in obstetric and neonatal care, and the introduction of therapeutic hypothermia, HIE is still a devastating occurrence that results in death or disability in 47% of infants with moderate or severe HIE. 7 As survivors of severe HIE have profound longterm neurologic disability like cerebral palsy, mental retardation and epilepsy 8, 9 and a large majority of infants with moderate HIE have cognitive problems, sequelae of hypoxic-ischaemic brain injury require significant resources. 10 Published data show that 25-60% of the babies who survive, suffer from permanent neurodevelopmental handicaps including cerebral palsy, seizures, mental retardation, and learning disabilities. Assessment of severity of HIE would help proper parent counseling and early institution of stimulation therapy for better development of the infant.
In this study, an attempt has been made to associate the electroencephalogram (EEG), USG Cranium and MRI brain done in the newborn with the clinical staging and neurological condition at discharge in term asphyxiated newborn.
Failure to initiate or sustain respiration after birth has been defined as criteria for the diagnosis of perinatal asphyxia as per WHO. Perinatal asphyxia results in hypoxic injury to various organs including kidney, liver and lungs but the most serious effects seen on central nervous system.
Hypoxic ischemic encephalopathy in a full term infant is clinically defined syndrome of the disturbed neurologic function in the earliest days after birth in infancy manifested by difficulty with initiating and maintaining respiration, depression of muscle tone and reflexes, the subnormal level of consciousness and often seizures.
Sarnat and sarnat classified HIE into 3 stages. HIE is of foremost concern in an asphyxiated neonate because of its potential to cause serious long term neuromotor sequelae among survivors.
Despite improvements in perinatal care in the developed countries asphyxia remains a major cause of mortality resulting upto 25% of perinatal mortality and morbidity and giving rise to 8-15% of all cases of cerebral palsy.
In particular, infants with severe (Sarnat stage 3) 11 encephalopathy are generally believed to have uniformly dire prognosis. 12 However, prognostication in infants with moderate encephalopathy is more difficult.
12-14 A variety of clinical, electrophysiological, and radiologic tools have been used to help prognosticate. 9 In particular, MRI has emerged as potentially one of the most useful tools for prognostication in HIE [15] [16] [17] and it has been recommended that all infants with HIE have an MRI performed between days 2 and 8 days.
Cranial ultrasound has advantage of being mobile and easily used on the neonatal unit. But it has low sensitivity in detecting brain abnormalities.
Sonography is often used for assessment of the neonate with suspected hypoxic-ischemic encephalopathy because the equipment is portable, it is inexpensive, and it does not subject the infant to a magnetic field or radiation. Findings include increased echogenicity in white matter and resultant increased gray matter-white matter differentiation. These findings, which can be focal or diffuse, are thought to reflect edema or necrosis and correspond to abnormalities on MRI. In more severely affected neonates, the cortex may become thickened and the distinction between gray matter and white matter less apparent. Abnormalities at this stage typically become more diffuse, are often asymmetric between hemispheres, and are associated with the loss of landmarks such as sulci and major fissures. 19 Despite the advantages of sonography, limitations have been noted with regard to detection of lesions, as well as its dependence on the experience of the individual interpreting the study and its interobserver variability. In a study of 47 neonates, of whom two thirds were at term or near term, sonography was compared with MRI and CT for the detection of abnormalities and interobserver agreement. 20 CT and MRI had substantially greater sensitivity for the detection of cortical hypoxic-ischemic injury and markedly lower interobserver variability than sonography. Doppler sonography is not routinely used for assessment of neonatal hypoxia at many institutions. However, when used, this technique may identify a decrease in refractive indexes in arteries due to a relative increase in diastolic flow velocities.
A number of other limitations of sonography for the diagnosis of hypoxic-ischemic injury in the term neonate have been identified. These include that a substantial percentage of sonographic examinations are falsenegative studies, its low sensitivity for detecting cortical lesions, and dependence on the skill of the operator performing the test. 21 The most sensitive and specific imaging technique for examining infants with suspected hypoxic-ischemic brain injury is MR imaging. 21 Cranial USG and MRI show anatomical abnormalities in brain due to birth asphyxia whereas EEG can show early abnormal cerebral function. 22 MRI -brain injury patterns are determined by nature of insult: chronic or acute. It is important to distinguish two forms of hypoxia: severe, total hypoxia and prolonged, partial hypoxia. The term "severe hypoxia" refers to sudden and total loss of oxygenation. A typical example would be that seen in abruptio placenta. The term "prolonged, partial hypoxia" refers to a more sustained, but incomplete, loss of oxygenation, such as that seen in prolonged difficult labor with prolonged decelerations, repetitive late decelerations, and decreased heart rate. Although these two entities are discussed as distinct phenomena, the fact is that in some cases, overlap occurs between the two; an infant may be seen as having features of both types of hypoxic injury. Only a minority (10%) of HIE cases have a sentinel event. 23 MRI Findings in the neonate with severe, total hypoxiafour major signs that occur in proximity to one another and which are collectively referred to as the "1-2-3-4 sign" as a means of facilitating the diagnosis of hypoxia in the term neonate. 19 The four components of the 1-2-3-4 sign are 
MRI findings in prolonged, partial hypoxia
Neonates with prolonged, partial hypoxia tend to have normal basal ganglia signal intensity on T1-weighted images but often exhibit more marked cortical signal changes, even though they have a less profound acute hypoxic injury.
Imaging appearances are influenced by a. Sequences used.
b. Time of imaging from injury.
After imaging, the second most important role of a pediatric radiologist in the work up of infants with HIE is to predict, if possible, the clinical outcome based on imaging findings at an early stage. This is a crucial but difficult situation.
In infants with HIE, characteristic increase in the echogenicity of thalamus and basal ganglia in USG cranium been reported, usually in the second week after the episode of asphyxia. Visualisation of this sign predicts poor prognosis and has been reported to be associated with mortality in 1% and long term morbidity in 56%.
Delayed myelination in a term neonate in the first few days of life seen in MRI brain suggests significant perinatal asphyxia and hence poor prognosis.
Abnormal signal intensity within PLIC has been found to be an excellent predictor of abnormal motor outcome. Asymmetrical involvement predicts hemiplegia and bilateral symmetrical involvement correlates with subsequent development of spastic diplegia or quadriplegia.
The severity of basal ganglia and thalamic lesions detected on MRI also has good correlate with severity and nature of cerebral palsy. The involvement of white matter exacerbates cognitive impairment and poor head growth.
METHODS
This prospective cohort study has been done in the department of pediatrics, M.R. medical college, Gulbarga. Baseline characteristics like sex, gestational age, birth weight, maternal history with risk factors, mode of delivery, place of delivery are noted. Detailed history has been taken and detailed examination was done. The neonates are graded into HIE stages using sarnat and sarnat staging.
Cranial USG was done after 7 days or once the baby is stable unless there is an emergency to rule out any intracranial hemorrhage where bedside ultrasonography is done. Magnetic Resonance Imaging (MRI) was done in all the babies by using Siemens Avantom 1.5 Tesla machine using multichannel head coils under sedation. The MR sequences that were employed were flair, T2, T1, diffusion, susceptibility weighted, and inversion recording imaging. The MRI findings were classified according to basal ganglia/watershed pattern as described in a study by Barkovich et al. 24 Normal was classified as score 0, abnormal signal in basal ganglia/thalamus as score 1, abnormal signal in cortex as score 2, abnormal signal in areas of cortex and basal nuclei as score 3, and abnormal signal in entire cortex and basal nuclei as score 4.
EEG was done on 14 ± 2 days. The EEG were reported as either normal or had epileptiform activity.
The cranial ultrasound, EEG and MRI findings of these babies are analysed and correlated with each other and with clinical staging and the neurological condition of the babies at discharge.
The neurological condition of the babies at discharge was considered as abnormal if there was abnormality in mental status/difficulty in sucking/abnormality in tone.
Descriptive statistical analysis was carried out. Results on categorical measurements are presented in number (%). Significance is assessed at 5% level of significance. Chisquare/Fisher exact test was used to find the significance of study parameters on categorical scale between two or more groups. Diagnostic statistics viz. sensitivity, specificity, Positive Predictive Value (PPV), Negative Predictive Value (NPV), were computed to find the correlation of EEG, USG cranium and MRI brain with abnormal neurological condition at discharge.
RESULTS
Among the 37 cases included in the study, 22 were males, 15 were females. Risk factors were found during pregnancy in 29 cases. 9 babies were delivered by LSCS, 25 were delivered by NVD, and 3 by assisted vaginal delivery. 13 cases were intramural and 24 were extramural. 21 cases were of HIE stage 2 and 16 cases were of stage 3. Convulsions were seen in all except 3 cases. Mechanical ventilation was required in 16 cases (Table 1) .
Cranial USG detected abnormalities in only 4 cases. EEG showed seizure activity in 13 cases (Table 2) . MRI brain showed changes in white matter in 19 cases, basal ganglia in 10 cases, thalamus in 2 cases, internal capsule in 6 cases, brain stem in 2 cases and grey matter in 7 cases. Pattern of severe brain injury was found in MRI in 12 cases, less severe changes found in 13 cases and MRI brain did not show any changes in 12 cases (Table 3) . Sensitivity of MRI brain in detecting abnormality in the neurological condition according to our study is 92.3%, specificity 45.8%, positive predictive value 48%, negative predictive value 91.6% (Table 4) . Sensitivity of severe pattern of injury in MRI brain in detecting abnormality in neurological condition according to our study is 76.9%, specificity 91.6%, positive predictive value 83.3%, negative predictive value 88% (Table 5) .
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International Sensitivity of Cranial USG in detecting abnormality in the neurological condition according to our study is 15.3%, specificity 91.6%, positive predictive value 50%, negative predictive value 66.6% (Table 6 ). Sensitivity of EEG in detecting abnormality in the neurological condition according to our study is 76.9%, specificity 87.5%, positive predictive value 76.9%, negative predictive value 87.5% (Table 7) . Sensitivity of EEG and MRI together in detecting abnormality in the neurological condition according to our study is 69.2%, specificity 91.6%, positive predictive value 81.8%, negative predictive value 84.6% ( Table 9 ).
Involvement of both basal ganglia and cortex in MRI brain had statistically significant correlation with abnormal neurological condition at discharge in our study (Table 10c) . 
DISCUSSION
This study attempted to associate EEG and neuroimaging like USG cranium and MRI with the clinical staging in term babies with HIE. Out of the 37 cases, 24 had normal EEG pattern and 21 of them had a normal neurological condition at discharge (87.5%). This is similar to the finding by El-Ayouty et al., who reported that normal EEG background activity was associated with normal neurological outcome at 12 months of age. 25 In detecting an abnormal neurological state, EEG has a sensitivity of 76.9%, specificity of 87.5%, PPV of 76.9%, NPV of 87.5%, and P value of 0.0002. Ong et al., has reported that in asphyxiated newborns, EEG has a PPV of 100%, NPV of 80.6%, and sensitivity of 53%, and specificity of 100%. 26 El-Ayouty et al., have reported that for the prediction of poor outcomes, abnormal EEG background activity had a sensitivity, specificity, PPV, and NPV of 100%. 27 Early EEG (within 7 days of life) done on 77 asphyxiated infants in a study done by Caravale et al., showed that out of the 52 who had normal EEG, 83% had a normal outcome at 1 year, 17% had mild abnormalities and none of them had any severe abnormalities. 28 Presslan et al., have documented the usefulness of serial EEG in the newborn period in predicting the neurological outcome. 29 The NPV of a normal EEG was emphasized by Murray et al., who concluded that a normal or mildly abnormal EEG within 6 h of life was associated with normal neurodevelopmental outcome at 24 months. 30 Our study has shown a 87.5% NPV for a normal EEG.
Imaging studies are usually done in all neonates with HIE. MRI is difficult to perform during the acute stage, since it takes almost an hour and needs deep sedation which is risky in asphyxiated babies. USG is easier to perform and helps in practical management by detecting intracranial hemorrhage.
In our study, abnormal sonographic findings were detected in only 4 patients. The sensitivity of USG is 15.3%, specificity is 91.6%, PPV is 50% and NPV is 66.6% in our study. There is no significant association found between ultrasonographic changes and abnormal neurological condition at discharge.This is similar to the study done by Ezgu et al. 31 who found that ultrasonographic findings did not seem to predict the grade of encephalopathy or the outcome. Cranial ultrasound is one of the first used methods that show the ischemic areas as hyperechoic; but, this finding is not visible within the first 24 h of life. The sensitivity of this method was calculated as 30.5%.
Among the 37 cases 12 (32.4%) had normal MRI, 10 (27%) showed abnormal signal in the basal ganglia/thalamus, and 20 (54%) showed abnormal signal in the cortex. 5 (13.5%) cases showed abnormal signal in the cortex and the basal ganglia. Of the 12 infants with normal MRI, 11 had a normal neurological condition at discharge. El-Ayouty et al., in their study of 25 newborns have reported that all infants with a normal MRI in the first 4 weeks were neurologically normal at 12 months of age. 25 Among 5 cases which had shown abnormal signals in the cortex and thalamus 4 had an abnormal outcome (P = 0.04). MRI brain has a sensitivity of 92.3%, specificity of 45.8%, PPV of 48%, NPV of 91.6%, in detecting abnormal neurological condition at discharge (P = 0.02). If only severe pattern of injury in MRI brain is taken into consideration sensitivity of 76.9%, specificity of 91.6%, PPV of 83.3% and NPV of 88% is found in our study. P = 0.0001, extremely significant association is found in cases with severe pattern of injury in MRI brain with abnormal neurological condition at discharge. El-Ayouty et al., have reported that abnormal MRI scans had a sensitivity of 100%, specificity of 43%, PPV of 82%, and NPV of 100% in predicting an abnormal outcome at 18 months. 27 Many studies have found the basal ganglia watershed score to be an excellent predictor of the neurological outcome. 24 Studies based on the topographic pattern of neuronal injury have shown that term infants with predominant injury to basal ganglia and thalamus have an unfavorable neurological outcome. 32 Rutherford et al., compared MRI and cranial ultrasonographic findings with the outcome at 1 year of age and found a poor outcome if both of the investigations showed a basal ganglia or thalamic lesion. 32 Mercuri et al., have reported that discrete lesions in basal ganglia were associated with normal motor outcome at 1 year of age in 57% cases, but Barnett et al., followed up seven cases of asphyxia with such lesion till school age and reported that only one out of seven had a completely normal motor outcome. 33, 34 Kaufman et al., have shown that more basal ganglia involvement in MRI correlates with more severe encephalopathy. 35 In our study, it was seen that infants with lesions in both the cortex and basal ganglia and/or thalamus were significantly associated with an abnormal neurological condition at discharge (P = 0.04), which is consistent with the findings of other studies.
An attempt was made to see if EEG in addition to an imaging study improves the predictive ability. EEG along with MRI (P = 0.0002) detects abnormal neurological state with the highest statistical significance. Biagioni et al., have reported very good correlation between EEG and MRI findings in neonatal encephalopathy and affirmed their value in predicting the neurological outcome. 36 Our study shows that in a term newborn with HIE, a normal EEG and/or MRI of brain during the neonatal period is associated with normal neurological condition. Involvement of the basal ganglia/thalamus and cortex in the MRI also detected abnormal neurological state. EEG combined with an MRI once the patient is stable is most useful in detecting the neurological abnormality at discharge. Similar studies using larger numbers of patients and follow-up for longer duration are needed to confirm the findings of our study.
Limitations of the study are small sample size, neurodevelopmental follow up not being included in the study. There is no blinding done with respect to pediatrician who is examining the baby or radiologist who has reported the USG cranium or MRI brain or neurologist who reported the EEG. EEG is reported only based on the presence or absence of the epileptiform activity. Specific patterns of EEG in HIE are not commented in the study due to the lack of facilities.
CONCLUSION
MR imaging and EEG has significant advantages over sonography for the diagnosis of abnormal neurological state in new born with HIE. Nevertheless, early screening for infants at risk for future neurodevelopmental delays for more effective intervention remains problematic. New neuroimaging technologies that examine both physiologic and biochemical abnormalities may provide more insight into the complexity of the pathophysiology of HII and may allow for earlier diagnosis and therapeutic intervention in neonates suffering from HII. Prompt recognition of these imaging findings can help exclude other causes of encephalopathy affect prognosis and facilitate earlier (although mostly supportive) treatment. Early radiological detection of brain injuries very important in detecting the neurological abnormalities in babies with HIE.
